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(54) SMART DATA QUERY METHOD AND SYSTEM

(67)  Amethod and system for a smart data query are
disclosed. The method comprises automatically monitor-
ing one or more data sources that transmit lower fidelity
data, and automatically looking for one or more salient

features in the lower fidelity data to determine whether

more data is needed. When more data is needed, the

method identifies a data source that provides higher fi-
delity data that corresponds to the needed data. The high-
er fidelity data is then received from the identified data
source. The method then updates information, consum-
able by a system or an operator, with the received higher
fidelity data.
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Description
BACKGROUND

[0001] There are many systemson vehicles which gen-
erate information that needs to be transferred to an in-
frastructure solution. In the case of aircraft, such systems
can be an onboard radar that provides weather informa-
tion, an onboard traffic collision avoidance system
(TCAS) that provides traffic and collision information, or
other aircraft systems that provide insight into the current
state of the aircraft and the state of the region around the
aircraft. In addition, other types of vehicles have many
systems that provide insight into the current state both
within and without such vehicles.

[0002] Vehicle information can be downloaded to a
ground (infrastructure) solution for immediate or future
consumption. Such consumption can include diagnosis
and/or prognosis of the current and future state of the
vehicle itself for emergency and/or maintenance; the cur-
rent or future state of the region in the immediate vicinity
of the vehicle for current or near term modification of the
vehicle path; the current or future state of the region in
the immediate vicinity of the vehicle for current or near
term modification of another vehicle’s path; or long term
data mining and trending.

[0003] One approach for obtaining vehicle information
is to continuously broadcast vehicle and sensor data from
the vehicle via any of the available data paths. This meth-
od uses a significant amount of available bandwidth and
is both inefficient and costly. For example, this method
can result in unnecessary data, such as data with no
value (e.g., "clear skies" being transmitted), or repetitive
data, such as the same data being sent by many different
sources at the same time.

[0004] Another approach is to review the vehicle data
itself onboard and decide what data to send to the ground
in real time, what data to store for later transmission to
the ground, and what data to potentially decimate. For
example, an onboard intelligent data filter can be used
that filters the data generated on the vehicle (e.g., only
send data about a storm; don’t send "clear skies" and
don’t send data that has not changed enough from the
last transmission). However, such a filter has no a priori
knowledge of the data currently residing on the ground,
nor does it have knowledge of data being sent from other
vehicles. As such, this approach also wastes limited
bandwidth and is costly. In addition, any airborne intelli-
gence also requires additional cost to modify (if neces-
sary) certified software.

[0005] There is also potentially additional data availa-
ble on the ground not known to the vehicle, which can
significantly influence the need for vehicle data.

SUMMARY

[0006] A method and system for a smart data query
are disclosed. The method comprises automatically
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monitoring one or more data sources that transmit lower
fidelity data, and automatically looking for one or more
salient features in the lower fidelity data to determine
whether more data is needed. When more data is need-
ed, the method identifies a data source that provides
higher fidelity data that corresponds to the needed data.
The higherfidelity data is then received from the identified
data source. The method then updates information, con-
sumable by a system or an operator, with the received
higher fidelity data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Features of the present invention will become
apparent to those skilled in the art from the following de-
scription with reference to the drawings. Understanding
that the drawings depict only typical embodiments and
are not therefore to be considered limiting in scope, the
invention will be described with additional specificity and
detail through the use of the accompanying drawings, in
which:

Figure 1 is a block diagram of a ground system that
hosts a computer implemented method for a smart
data query, according to one embodiment;

Figure 2 is a flow diagram of an exemplary method
for a smart data query, which is operable on a vehi-
cle, according to another embodiment; and

Figure 3 is a flow diagram of an operational method
for a smart data query, according to one implemen-
tation, to obtain weather information.

DETAILED DESCRIPTION

[0008] In the following detailed description, embodi-
ments are described in sufficient detail to enable those
skilled in the art to practice the invention. It is to be un-
derstood that other embodiments may be utilized without
departing from the scope of the invention. The following
detailed description is, therefore, not to be taken in a
limiting sense.

[0009] A smart data query method and system are de-
scribed herein. The method and system can be imple-
mented in a ground center, for example, to monitor lower
fidelity information from multiple data sources. Upon de-
tection of data that is potentially interesting, the method
can query one or more data sources for higher fidelity
information. This approach reduces some air-ground
bandwidth issues associated with constant broadcasting
of large amounts of data, such as by fusing various data
elements at a ground center location.

[0010] As used herein, a "smart query" or "smart data
query" generally means using one set of data obtained
from one or more sources to obtain additional data from
the same or different sources. For example, a smart que-
ry method uses one set of received data, such as lower
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fidelity data, to obtain additional data, such as higher fi-
delity data.

[0011] As used herein, the "fidelity" of data is the de-
gree to which information represents reality. In particular,
the "lower" fidelity data is a representation of reality using
the minimal amount of information necessary to advise
a user and determine the need for additional information.
The "higher" fidelity data is a more accurate representa-
tion of reality, providing additional details to the user with
the inclusion of additional data.

[0012] The smart query method allows for obtaining
data from one or more vehicles, thereby reducing the
burden on various data pipes that are available. The
present method is particularly useful for connected vehi-
cles, such as connected aircraft, connected watercraft,
or connected ground vehicles.

[0013] In some monitoring systems implemented with
the smart query algorithm, such systems can be contin-
uously monitoring various items. These systems also
have knowledge of the current availability of sources of
information. When one of these systems identifies an
event of interest (e.g., the appearance of a storm identi-
fied via a weather information service) the system can
identify an aircraft near the storm (based on flight plan,
feeds from aircraft data sources, etc.) and request high
fidelity radar data from that aircraft. This request is only
sent to the source aircraft when other indicators identify
aneed. The smart query can go further to request certain
parts of the radar buffer to fill in gaps in terrestrial data.
Forexample, if some radar data on the storm is available,
but altitude data is missing, the smart query can ask the
aircraft to only send the altitude data.

[0014] The smartdata query method can be expanded
to include collision data such as from an aircraft traffic
collision avoidance system (TCAS), data from various
aircraft sensors that measure the environment around
an aircraft, traffic requests sent to the aircraft based on
airportreported delays, or the like. Inaddition, the present
technique can be used to query an aircraft itself, not only
for data related to an aircraft’'s surroundings, but also for
the aircraft state. Some minimal data can be sent to the
ground via a narrow data pipe and a query for higher
fidelity information can be sent to the aircraft only when
necessary. This can be related to fault information, per-
formance, or any other measurable data. One example
is the receipt of a fault from the aircraft and having the
smart query system request some detailed performance
information to enhance repair and troubleshooting.
[0015] In another example, a database update can be
published or a software update for a line replaceable unit
(LRU) can be published from a manufacturer. The smart
query system can request a software part number man-
ifest or database manifest from the aircraft (i.e., what is
currently loaded) in order to schedule a maintenance ac-
tion

[0016] The present smart query system can also be
applied for use with a ground vehicle such as a car. For
example, if a recall notice is sent out on a particular ve-
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hicle, the smart query system can automatically request
not only maintenance records for a particular vehicle
identification number (VIN) (e.g., via a ground based con-
nection like CARFAX), but it can also query the connect-
ed car (e.g., for part number data, software parts, etc.)
to determine if the recall needs to be scheduled.

[0017] The presentsmartquery approach removes the
need for intelligence onboard a vehicle to understand
what to send and when. This approach removes the need
to continuously transmit data from the vehicle, which
wastes time, bandwidth, and money. For example, by
using the smart query system, there is no need to send
a "clear skies" message, because there is no feature or
interesting information in such a message.

[0018] Alternatively, the smart query technique can be
adapted for used in stationary platforms, such as oil re-
fineries, gas pipelines, or the like. For example, valves
in the pipelines can be monitored remotely by a monitor-
ing system. When an event of interest is identified such
a valve malfunction, remote devices associated with the
valves can be queried to obtain more detailed informa-
tion.

[0019] In an example implementation, the smart query
algorithm can be run on a service that monitors a current
terrestrial (or potentially airborne) weather feed, such as
from the National Oceanic and Atmospheric Administra-
tion (NOAA), Weather Underground (Wunderground), or
the like. At the first sign of an event of interest, the smart
query algorithm looks for an aircraft near and/or ap-
proaching the event of interest. Information about such
aircraftcan come from either submitted flight plans and/or
direct feeds from flight data systems, for example. From
this information, the smart query algorithm selects a tar-
get aircraft and requests the radar buffer from the target
aircraft to be sent to the ground to improve the fidelity of
weather data previously received for the event of interest,
such as a weather image.

[0020] The presentapproach minimizes the data being
sent from a target vehicle by requesting only the data
needed from a very limited or targeted source. The intel-
ligence of the smart query technique can be built into
ground systems, and as such, modification of these un-
certified solutions when needed is faster and less expen-
sive.

[0021] Further details of various embodiments are de-
scribed hereafter with reference to the drawings.
[0022] Figure 1 depicts a ground system 100 that hosts
a computer implemented method 110 for a smart data
query, according toone embodiment. The ground system
100 includes a processor 104 operative to execute in-
structions for performing method 110. The ground sys-
tem 100 is in communication with one or more data sourc-
es 124, which can be ground-based data sources or air-
borne data sources.

[0023] The method 110 automatically monitors data
sources that provide lower fidelity data (block 112), and
automatically looks for one or more salient features in
the lower fidelity data to determine whether more data is
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needed (block 114). When method 110 determines the
need for more data, a data source is identified that pro-
vides higher fidelity data that corresponds to the needed
data (block 116). The higher fidelity data is then received
from the identified data source (block 120). The method
110 then acts on the received higher fidelity data, such
as by updating information, consumed by the system or
an operator, with the received higher fidelity data (block
122).

[0024] In one implementation of method 110, a mech-
anism can be provided to monitor a feed from a higher
fidelity data source. The higher fidelity data can then be
used when the need arises. In an alternative implemen-
tation of method 110, prior to receiving the higher fidelity
data, the method can send a request for the higher fidelity
data to the identified data source.

[0025] Figure2isaflow diagram of an exemplary meth-
od 200 for a smart data query, which can be operated on
a vehicle such as an aircraft, according to another em-
bodiment. Initially, method 200 automatically monitors
data inputs received from various data sources that pro-
vide lower fidelity data (block 212). The method 200 au-
tomatically looks for one or more salient features in the
lower fidelity data to determine whether more data is
needed (block 214). If nothing interesting is found, meth-
od 200 continues to monitor the data inputs. When meth-
od 200 determines the need for more data, a data source
is determined that provides higher fidelity data that cor-
responds to the needed data (block 216). A request for
the needed data is then sent to the identified data source
(block 218). When new data is received based on the
request for the needed data (block 220), method 200 acts
on the received new data (block 222), such as by updat-
ing information with the received higher fidelity data.
[0026] Figure 3 is a flow diagram of an operational
method 300 for a smart data query, according to one
implementation, to obtain weather information. Initially,
method 300 automatically monitors data inputs from var-
ious data sources that provide lower fidelity data (block
312), such as a flight plan of an aircraft, an aircraft loca-
tion, or a terrestrial weather feed (e.g., from NOAA, or
Wunderground). The method 300 automatically looks for
one or more salient features in this lower fidelity data to
determine whether more data is needed (block 314). If
nothing interesting is found, method 300 continues to
monitor the data inputs. When method 300 determines
the need for more data, such as when a storm is found,
a data source is determined that provides higher fidelity
data that corresponds to the needed data (block 316).
For example, method 300 can analyze current aircraft
flight plans and locations, and identify a target aircraft to
query for the needed data. A request for the needed data
is then sent to the identified data source (block 318). For
example, the request can be sent to the target aircraft
for its radar buffer. When new data is received (block
320), such as radar data received from the target aircraft,
method 300 acts on the received new data (block 322).
For example, weather (Wx) data can be updated for use

10

15

20

25

30

35

40

45

50

55

by subscribers.

[0027] A processor used in the present system can be
implemented using software, firmware, hardware, or any
appropriate combination thereof, as known to one of skill
in the art. These may be supplemented by, or incorpo-
rated in, specially-designed application-specific integrat-
ed circuits (ASICs) or field programmable gate arrays
(FPGASs). The computer or processor can also include
functions with software programs, firmware, or other
computer readable instructions for carrying out various
process tasks, calculations, and control functions used
in the present system.

[0028] The present methods can be implemented by
computer executable instructions, such as program mod-
ules or components, which are executed by at least one
processor. Generally, program modules include routines,
programs, objects, data components, data structures, al-
gorithms, and the like, which perform particular tasks or
implement particular abstract data types.

[0029] Instructions for carrying out the various process
tasks, calculations, and generation of other data used in
the operation of the methods described herein can be
implemented in software, firmware, or other computer-
or processor-readable instructions. Various process
tasks can include controlling spatial scanning and orien-
tation, laser operation, photodetector control and opera-
tion, and awareness of system orientation and state.
Theseinstructions are typically stored on any appropriate
computer program product that includes a computer
readable medium used for storage of computer readable
instructions or data structures. Such a computerreadable
medium can be any available media thatcan be accessed
by a general purpose or special purpose computer or
processor, or any programmable logic device.

[0030] Suitable processor-readable media may in-
clude storage or memory media such as magnetic or op-
tical media. For example, storage or memory media may
include conventional hard disks, compact disks, or other
optical storage disks; volatile or non-volatile media such
as Random Access Memory (RAM); Read Only Memory
(ROM), Electrically Erasable Programmable ROM (EEP-
ROM), flash memory, and the like; or any other media
that can be used to carry or store desired program code
in the form of computer executable instructions or data
structures.

Example Embodiments

[0031]

Example 1 includes a computer-implemented meth-
od, comprising: automatically monitoring one or
more data sources that transmit lower fidelity data;
automatically looking for one or more salientfeatures
in the lower fidelity data to determine whether more
data is needed; when more data is needed, identi-
fying a data source that provides higher fidelity data
that corresponds to the needed data; receiving the
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higher fidelity data from the identified data source;
and updating information, consumable by a system
or an operator, with the received higher fidelity data.
Example 2includes the method of Example 1, further
comprising sending a request for the higher fidelity
data to the identified data source prior to receiving
the higher fidelity data.

Example 3 includes the method of any of Examples
1-2, wherein the one or more data sources comprise
ground-based data sources or airborne data sourc-
es.

Example 4 includes the method of any of Examples
1-3, wherein the one or more data sources comprise
one or more weather information services.
Example 5 includes the method of any of Examples
1-3, wherein the one or more data sources comprise
one or more vehicles.

Example 6 includes the method of Example 5,
wherein the one or more vehicles comprise aircraft,
watercraft, or ground vehicles.

Example 7 includes the method of any of Examples
1-3, wherein the one or more data sources comprise
one or more stationary platforms.

Example 8 includes the method of any of Examples
1-4, wherein the lower fidelity data comprises one or
more terrestrial weather feeds.

Example 9 includes the method of any of Examples
1-3, wherein the lower fidelity data comprises a flight
plan of an aircraft, an aircraft location, aircraft traffic
collision avoidance data, data related to an aircraft’'s
surroundings, or a state of an aircraft.

Example 10 includes the method of any of Examples
1-3, wherein the higher fidelity data comprises radar
data from an aircraft.

Example 11 includes a system for a smart data que-
ry, the system comprising: at least one processor in
operative communication with one or more data
sources; and a processor readable medium that in-
cludes instructions, executable by the processor, to
perform a method comprising: automatically moni-
toring the one or more data sources for transmission
of lower fidelity data; automatically looking for one
or more salient features in the lower fidelity data to
determine whether more data is needed; when more
data is needed, identifying a data source that pro-
vides higher fidelity data that corresponds to the
needed data; receiving the higher fidelity data from
the identified data source; and updating information,
consumable by another system or an operator, with
the received higher fidelity data.

Example 12 includes the system of Example 11,
wherein prior to receiving the higher fidelity data, the
method further comprises: sending a request for the
higher fidelity data to the identified data source.
Example 13 includes the system of any of Examples
11-12, wherein the at least one processor is located
in a ground center.

Example 14 includes the system of any of Examples
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11-12, wherein the at least one processor is located
in a vehicle.

Example 15 includes the system of any of Examples
11-14, wherein the one or more data sources com-
prise ground-based data sources or airborne data
sources.

Example 16 includes the system of any of Examples
11-15, wherein the one or more data sources com-
prise one or more vehicles.

Example 17 includes the system of Example 16,
wherein the one or more vehicles comprise aircraft,
watercraft, or ground vehicles.

Example 18 includes the system of any of Examples
11-12, wherein the one or more data sources com-
prise one or more stationary platforms.

Example 19 includes a computer program product,
comprising: a non-transitory computer readable me-
dium having instructions stored thereon, executable
by a processor, to perform a method for a smart data
query, the method comprising: automatically moni-
toring one or more data sources for transmission of
lower fidelity data; automatically looking for one or
more salient features in the lower fidelity data to de-
termine whether more data is needed; when more
data is needed, identifying a data source that pro-
vides higher fidelity data that corresponds to the
needed data; receiving the higher fidelity data from
the identified data source; and updating information,
consumable by a system or an operator, with the
received higher fidelity data.

Example 20 includes the computer program product
of Example 19, wherein prior to receiving the higher
fidelity data, the method further comprises: sending
a request for the higher fidelity data to the identified
data source.

[0032] The presentinvention may be embodied in oth-
er specific forms without departing from its essential char-
acteristics. The described embodiments are to be con-
sidered in all respects only as illustrative and not restric-
tive. The scope of the invention is therefore indicated by
the appended claims rather than by the foregoing de-
scription. All changes that come within the meaning and
range of equivalency of the claims are to be embraced
within their scope.

Claims
1. A computer-implemented method, comprising:

automatically monitoring one or more data
sources that transmit lower fidelity data;
automatically looking for one or more salientfea-
tures in the lower fidelity data to determine
whether more data is needed;

when more data is needed, identifying a data
source that provides higher fidelity data that cor-
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responds to the needed data;

receiving the higher fidelity data from the iden-
tified data source; and

updating information, consumable by a system
or an operator, with the received higher fidelity
data.

The method of claim 1, further comprising sending
a request for the higher fidelity data to the identified
data source prior to receiving the higher fidelity data.

The method of claim 1, wherein the one or more data
sources comprise ground-based data sources or air-
borne data sources.

The method of claim 1, wherein the one or more data
sources comprise one or more weather information
services.

The method of claim 1, wherein the one or more data
sources comprise one or more vehicles.

The method of claim 1, wherein the one or more data
sources comprise one or more stationary platforms.

The method of claim 1, wherein the lower fidelity data
comprises one or more terrestrial weather feeds, a
flight plan of an aircraft, an aircraft location, aircraft
traffic collision avoidance data, data related to an
aircraft’s surroundings, or a state of an aircraft.

The method of claim 1, wherein the higher fidelity
data comprises radar data from an aircraft.

A system for a smart data query, the system com-
prising:

at least one processor in operative communica-
tion with one or more data sources; and

a processor readable medium that includes in-
structions, executable by the processor, to per-
form a method comprising:

automatically monitoring the one or more
data sources for transmission of lower fidel-
ity data;

automatically looking for one or more salient
features in the lower fidelity data to deter-
mine whether more data is needed;

when more datais needed, identifying a da-
ta source that provides higher fidelity data
that corresponds to the needed data;
receiving the higher fidelity data from the
identified data source; and

updating information, consumable by an-
other system or an operator, with the re-
ceived higher fidelity data.
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10. The system of claim 9, wherein prior to receiving the

higher fidelity data, the method further comprises:
sending a request for the higher fidelity data to the
identified data source.
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